We study the relation between the ψ(4160) and the Y (4260) within an unita- (4260) is not, therefore, an independent resonance, but rather a manifestation of the ψ(4160), which also explains why it is not seen in any of the OZI-allowed decay channels in the experiment.
: Scheme of the propagator with one seed and N channels. See text for details. [7] . The other hadronic mode where it has been seen is the J/ψK + K − [10] . On its hand, the mass of the ψ(4160) has average mass and width 4191 ± 5 GeV and 70 ± 10 MeV, correspondingly, thus only 40 MeV below the mass of the Y (4260). Also, the branching fraction of the ψ(4160) to J/ψπ + π − is no more than 0.3%, in spite of the large phase-space available, so it is practically not seen in this channel.
The nature of the Y (4260) has been explored in different approaches. In Refs. [11, 12, 13] , the Y (4260) enhancement is seen as the result of interference phenomena between the channels D * s D * s and J/ψf 0 (980), thus it is not regarded as a true resonance. In Refs. [14, 15] , a similar nonresonant hypothesis is analyzed, but through an interference between the vectors ψ(4160) and ψ(4415), including the DD, DD * , and D * D * loops, successfully reproducing the line-shape of the Y (4260). A different approach considers a hadrocharmonium, i.e., a charmonium embedded in a sea of light quarks, where the Y (4260) is a mixture between 3 S 1 and 1 P 1 charmonium states, with the Y (4360) as its pair [16] . Other approaches consider the Y (4260) to be a resonance of "molecular" type, where acc core is coupled mainly to the DD 1 channel, see Refs. [17, 18, 19, 20, 21] , thus with an important decay to channel Z ± c (3900)π ∓ → J/ψπ + π − . Dynamical generation is also studied in Ref. [22] , using both the J/ψπ + π − and J/ψK + K − systems, with the emergence of a resonance around 4.15 GeV, rather closer to the ψ(4160) state. In this work, we present a novel result in which the Y (4260) and the ψ(4160) correspond to the same resonance, i.e., to the same pole, but with two different peaks in different channels. The underlying mechanism for the generation of the Y (4260) is a special interference between the D * sD * s and the J/ψf 0 (980) meson pairs, which is enhanced by the presence of the ψ(4160) vector below and very close to the D * s D * s threshold. Such result opens the possibility that the excess of vectorial resonances seen in the experiment might be largely fictitious, while it also helps to understand the unquenching of the vector charmonia. Our main result is phenomenological, showing the possibility of generating an amplitude peak with a "shifted" mass, that manifests in a certain channel. Preliminary studies of the current work may be found in Refs. [23, 24] .
The unitary effective Lagrangian model that we employ here is described in detail in Refs. [25] and [26] . We define a propagator with a single vector meson, i.e. with only one seed, dressed with meson-meson loops, as depicted in Fig. 1 . Two sums are considered, the sum over N different meson-meson channels, and an infinite sum over the loops, a series that is convergent by obeying a geometric progression. The corresponding scalar part of the propagator is written as
where m 0 is the bare mass of acc system, s is the invariant mass squared, N is the number of channels, and Π j (s) is the loop function of channel j, that is given by
where the real part is given by the dispersion relations
with th as the abbreviation for threshold. The imaginary part in Eq. (2) is given by
where
is the relativistic center-of-mass momentum of channel j, depending on the masses m 1 and m 2 of the meson-meson pair; V j is the vertex amplitude, computed using the Feynman rules, and given by Eqs. (14)- (16); and f is a vertex formfactor that depends on a cutoff parameter Λ and on the momentum, and it is here defined by an exponential function as
We note that the role of f as a form factor is only partial, since the full vertex amplitude in Eq. (5) is given by the product of V with f 2 . Therefore, one cannot compare it directly to form-factors that enclose the whole charge distribution of a certain composite particle, such as the Sachs electric, magnetic, or quadrupole form factors, that have been used in lattice QCD calculations, as for instance in Ref. [27] . For a detailed treatment of the form-factor, see Ref. [25] and refs. therein. The spectral function is given by
which due to the unitarity comes automatically normalized to 1, i.e.
Explicitly, d ψ (s) reads:
which is the sum of each partial spectral function, given by
i.e.
It can be noticed that, since the denominator is the same for each partial spectral function, the line-shape in each channel will vary solely through the shape of the function Γ j (s).
For the vector ψ(4160), corresponding to thecc system with quantum numbers 2 3 D 1
(the next radial excitation of the ψ(3770)), we couple the meson-meson channels in Table 1. The partial coupling constants to each channel are taken from the experimental branching ratios in [7] , with the condition that the mass and width of the ψ(4160) fall in the average values. The partial widths at the average mass of the ψ(4160) are also given. From Eqs. (4)- (5), one can see that the phenomenological value of the couplings is dependent on the cutoff Λ, which we take here as 450 MeV. We assume flavor independent decays. Clearly Table 1) , are taken as:
with the definitions 
Figure 2: Final-state interaction, which accounts for the mass-shift effect.
From Eqs. (10)- (13), we obtain the following amplitudes, in the ψ rest frame:
From Eq. (9) we realize that, since the denominator is common for all channels, and the numerator is a regular function, the peak position should be approximately the same in every partial spectra, although the specific form of the line-shape can vary, in function of the kinematics and amplitude. Therefore, the one-loop effect alone cannot reproduce any mass shifting in a particular channel only, as it was already concluded in [23] . Fig. 2 . Such interaction is however excluded from the denominator, i.e., from the internal loops, since the decay is small w.r.t. the full width of the state (it is large-N c suppressed). The Lagrangian corresponding to the 3-vertex is given by Eq. (12) , and to the 4-vertex by
with J ≡ J/ψ, and the definitions in Eq. (13) . A "microscopic" calculation of the effective vertex in Fig. 2 is given by the product of the 3-vertex amplitude, the loop integral, and the 4-vertex amplitude. An equivalent method is to formally consider the 3-vertex amplitude Ψ µν J µν and multiply by an energy dependent coupling α(s), which includes the coupling strength
, and a factor λ that regularizes the dimension and the strength of the process, viz.
The amplitude corresponding to the diagram in Fig. 2 , with s ≡ m 2 ψ , comes as
entering in the decay width as
where we use the notationΓ to distinguish from the direct processes Γ j . We note that the cutoffΛ, in the above equation, is different than the one used at the loop vertices, since light mesons are involved. We takeΛ to be large, so that fΛ(s) 1 (cf. Eq. (6)). The computation of the cross section for the e + e − → J/ψf 0 (980) production is done through
Using Eqs. (9) and (20),
Here, we do not include the direct decay, that would be given by Γ ψ→J/ψf 0 (980) , using a small coupling g ψJ/ψf 0 (980) , under the argument that, since it is an OZI-suppressed process, its contribution is very small. The coupling g ψe + e − , in Eq. (21), may be estimated from the experimental decay Γ ψ(4160)→e + e − 0.44 ± 0.22 keV [7] , using
where m ψ is the physical mass of the ψ(4160). It gives g ψe + e − 2.0 × 10 −3 . The cross section in Eq. (21) is so compared with data from Ref. [3] in Fig. 3 , by adjusting the parameter λ in Eq. (18) to 0.9 GeV −1 . The function |α(s)| 2 reaches a maximal value for √ s 4.27 GeV of about 4.1 × 10 −3 GeV −2 , which is much smaller than the square of the couplings in Table 1 . Its behavior can be seen in Fig. 4 0.6 MeV, which explains why the peak is not seen at the mass of the ψ(4160). The peak in Fig. 3 , which is the main result of our study, is actually a different peak than the peak of the ψ(4160). The latter peak is still present, but its cross section is so small that it does not manifest. On the other hand, the peak seen in the figure is also present in other channels that couple to the D * s D * s channel, through the same sort of interaction as in Fig. 2 , but it is not seen in those channels due to the dominance of the direct process in such cases. We remark that, nevertheless, the existence of the structure at 4.23 GeV is, in our approach, intrinsically related to the proximity of the pole of the ψ(4160).
Of course, since we do not include the interaction in Fig. 2 in the denominator in Eq. (9), there is a small violation of unitarity of about 1.7% which we consider to be negligible, thus confirming a posteriori our approximation. In fact, for consistency, if the J/ψf 0 (980)D * s D * s 4-vertex interaction would be included on the denominator level, the 4-vertex interactions implying all the other mesons of the problem should also be included as well. This would imply the introduction of many additional free parameters (through the unknown couplings), and it would divert the focus from the main result that we wish to present.
The cutoff parameter Λ was varied between 350 and 600 MeV, with the partial couplings in Table 1 adjusted accordingly. For lower values, the one-loop effect is in overall larger than for higher values, what is manifest in a larger distortion of the line-shape of the ψ(4160), and in the need of lower seed masses. However, our main result, shown in Fig. 3 , remains qualitatively unchanged, i.e. the structure seen in the figure, with a peak around 4.23 GeV, which is compatible with the Y (4260), is always seen. The seed mass is generally lower than the physical mass of the ψ, showing that the "unquenching" pulls the seed pole upwards. We notice that we are not including here other ψ resonances, such as the ψ(4040) and the ψ(4415), that surely have influence in a more comprehensive study. Notwithstanding the conclusions of other works, namely [14, 15] , the interference among different ψ is, within the present approach, not necessary to explain the bulk of the structure seen in the data, viz. the Y (4260). The direct comparison made in Fig. 3 between the J/ψπ + π − and the J/ψf 0 (980) is not quantitatively strict. On the one hand, the J/ψπ + π − may result from other decays, such as from the Z c (3900) ± π ∓ . In fact, according 
Figure 4: Modulus square of the loop in Eq. (18) , that acts as an energy dependent coupling. We can observe that the function arises around 4.2 GeV, which is the reason why the amplitude in Eq. (19) and subsequent equations are enhanced at that energy.
to experiment [7] , and also certain analysis [28] , such contribution is even more significant. On the other hand, the f 0 (980) also decays into π 0 π 0 and to KK. The channels J/ψπ 0 π 0 and J/ψK + K − [10] are, therefore, candidates for future studies of the Y (4260). Our partial decay widths should, therefore, be compared to the experimental ones in order of magnitude only, rather than in precise quantities. Within the present effective Lagrangian approach, the orbital angular momentum is not explicit, however we consider the ψ(4160) to be a dominantly d-wave state, in which case the Y (4260) enhancement should also be in d-wave. A similar mechanism, involving the s-wave counterpart of the ψ(4160), i.e. the ψ(4040), has been studied by one of us in Ref. [29] to explore the possible Y (4008) enhancement. For the present work, other possible effects are the interference between DD 1 and DD 1 loops and the Z c π channel. Such effect shall be, however, significantly smaller than the one in Fig. 2 , since the DD 1 + DD 1 thresholds are already far from the peak of the ψ(4160). The introduction of other channels also implies the inclusion of extra free parameters, since, within our framework, there is not a systematic way of computing partial coupling constants. In summary, we have presented a novel possible interpretation of the Y (4260), which emerges from an interference between the D * s D * s and the J/ψf 0 (980) meson pairs, with an underlying pole that is the same as the one associated with the ψ(4160) resonance. The effect is manifest only due to the close proximity between the physical mass of the ψ(4160) and the threshold D * s D * s , while in other circumstances it would be negligible. Without changing the position of such pole, the effective line-shape d ψ→J/ψf 0 (980) undergoes an "energy shift" upwards due to the final state interaction, a result that is remarkable, and that opens new possibilities for the studying of the enigmatic Y enhancements.
